Background: Sometimes patients with a scaphoid fracture, especially in an acute phase of injury, can have normal radiographs and, therefore, initial diagnosis of the scaphoid fracture may be neglected. In this study, we determined the value in of clinical examination and a radiograph in the diagnosis of scaphoid fracture based on the results of a two-week follow-up magnetic resonance imaging (MRI).
Background
The scaphoid, along with seven other bones, comprise the carpus (volarly) (1, 2) . Branches of the radial artery feed the scaphoid, although the proximal lobe of the scaphoid does not have a direct blood supply. Therefore, avascular necrosis is a complication that occurs with scaphoid fractures and non-union occur more often in the proximal lobe (3, 4) .
Most carpal bone fractures occur in the scaphoid. This type of fracture is frequently seen in men, and it is rare in children and the elderly (5) . The most frequent reason for a scaphoid fracture is a fall on an outstretched hand, which leads to hyper dorsiflexion of the wrist (3) tion. Scaphoid fractures can be also categorized according to the displacement, location, and chronicity of fracture (3, 6) . Sometimes patients with a scaphoid fracture, especially if they are in an acute phase of injury, can have normal radiographs; in these cases, the initial diagnosis of scaphoid fracture can be overlooked (5, 7) . These patients can develop complications such as non-union, avascular necrosis, and osteoarthritis. An exact diagnosis based on the history, physical examination, and radiographic imaging should be done for these patients (8) . In other words, taking a good history of the patient, an exact clinical examination, and appropriate radiographs can help diagnose scaphoid fractures. Taking a good history includes any previous history of wrist or scaphoid injuries and understanding the mechanisms that lead to fractures, such as falling or compression, which leads to extreme dorsiflexion. Tenderness of the scaphoid tubercle, and swelling and tenderness of the anatomical snuffbox should be taken into account during the physical examination. Obtaining radiographs with different views (posteroanterior, lateral, and oblique) can also be very helpful (2).
It is better to consider the injury to be a true fracture in patients who have a suggestive clinical examination for fracture (suspected fracture of the scaphoid) with a normal radiograph. In these cases, immobilization with a cast must be done and then patients must be followed up after two weeks of injury both clinically and radiographically. This method can protect patients from further complications, although sometimes it can result in overtreatment (1) . Other studies reported that other imaging modalities can be applied for diagnosis of suspected scaphoid fracture including: magnetic resonance imaging (MRI) (9), compact tomography (CT) (9) , and bone scintigraphy (10) . Among these modalities, MRI is considered to be the most accurate method for diagnosis of scaphoid fracture (9) and some studies suggested that it should be used as the first choice to diagnose cases of suspected scaphoid fracture (8) . However, MRI is associated with some false positive results and, rarely, false negative results (6) . In addition, MRI involves more time and cost than other methods such as a plain radiograph, and it is not always available.
Objectives
In this study, we determined the value of using both a clinical examination (tenderness of scaphoid tubercle, tenderness of anatomical snuffbox, and compression test) and radiographic imaging in the diagnosis of scaphoid fractures based on the results after a two-week follow-up MRI.
Patients and Methods

Patients
From December 2012 to February 2013, we enrolled 48 suspected scaphoid fracture patients who had been referred to the emergency department of Baqiyatallah Hospital, Tehran, Iran.
Study Design
The patients were first assessed with three clinical examination tests including the tenderness of the scaphoid tubercle in the volar surface of the hand, the tenderness of the anatomical snuff box, and a compression test. The physical examination was done by a well-experienced emergency medicine specialist. Radiographs were then taken in the following views of the wrist: posteroanterior, lateral, ulnar oblique, and radial oblique. All radiographic examinations were done and interpreted by two expert radiologists. Based on the clinical examination and the radiographic findings, the patients were categorized in three groups ( Figure 1 ). The first group was patients with negative results for clinical and radiographic examination; this group was excluded from the study. The second group was patients with at least one positive finding during the physical examination tests and normal radiographs. For these patients, the fracture was immobilized with a cast and then a follow-up MRI was done after two weeks. According to the result of the MRI, if the fracture was confirmed, the patients were referred to the orthopedic clinic of our hospital for continuing treatment. The third group of this study was patients who had a normal physical examination, but had abnormal radiographic results. These patients were referred to the orthopedic clinic after a cast or split treatment. These patients also had a follow-up MRI two weeks after wrist trauma.
Exclusion Criteria
Patients who showed evidence of other fractures in radiographic examination with or without a scaphoid fracture, or who showed a scaphoid fracture with a displacement of more than 1 mm, and had capitolunate and scapholunate angles that were more than 30°and 60°, respectively, as well as patients who had negative results for both the physical and radiographic examination were excluded from our study.
This study was approved by the ethics committee of Baqiyatallah University of Medical Sciences. Written informed consent was obtained from all participants according to the principles of the declaration of Helsinki (11). 
Variables
The age, gender, previous history of fracture in the wrist or in the scaphoid bone, chronic disease (diabetes mellitus, hypertension, coronary artery disease, scleroderma, and gout), and chronic use of any medications Trauma Mon. 2016; 21(5):e23345.
were considered and recorded for all of the patients in this study.
Statistical Analysis
Ultimately, data analysis was done by SPSS, statistical software package version 16.0. To describe quantitative and qualitative variables, we used frequency (percentage) and mean ± standard deviation (SD), respectively. Test of association and difference was done using the Pearson correlation, chi-square test, and independent t-tests. A P value less than 0.05 was considered to have statistical significance. To determine the sensitivity, specificity, PPV, and NPV of the clinical and radiographic examinations, a two-week follow-up MRI result was used for standard diagnostic reference.
Results
The mean ages of the patients, were 36.64 ± 15.78 years; 46.6% of the patients were male and 35.4% were female. A previous history of wrist and scaphoid fractures were seen in 16.7% and 10.4% of all patients, respectively. There was a history of chronic disease and chronic use of medications in 20.8% and 22.9% of all participants, respectively. Age (P = 0.197), gender (P = 0.119), previous history of wrist fracture (P = 0.696) or scaphoid fracture (P = 0.369), chronic use of medications (P = 0.411), and chronic disease (P = 0.244) had no statistical impact on the scaphoid fractures studied.
Of the 48 patients included in our study, based on the results of a two-week follow-up MRI, 21 patients (43.8%) had a scaphoid fracture, while 27 patients (56.2%) did not have a scaphoid fracture. Falling in 54.2% of patients was the most common cause of a scaphoid fracture, followed by accident (16.7%), violence (12.5%), and other reasons (16.7%). Table 1 shows the specificity, sensitivity, PPV, and NPV, as well as the number of positive and negative patients based on the diagnostic methods used in this study (tenderness of scaphoid tubercle, anatomical snuff box tenderness, compression test, posteroanterior X-ray, lateral X-ray, ulnar oblique X-ray and radial oblique X-ray). The last column of Table 1 shows the statistical difference between these diagnostic tests and the two-week follow-up MRI. Among these diagnostic methods, the difference between the MRI results and the scaphoid tubercle tenderness (P = 0.05) and the compression test (P = 0.05) were not statistically significant.
Discussion
Although MRI is the first choice for evaluating the presence of a scaphoid fracture, there are benefits to both early and delayed MRI in the management of scaphoid fracture (12, 13) . However, MRI requires more time and cost compared with other diagnostic modalities; MRI can also produce false positive results and false negative results (6, 8) . This study highlighted the role for clinical examination and plain radiographs in the diagnosis of scaphoid fractures, especially in the setting of an emergency department in which an exact diagnosis is needed quickly. We also determined how much we can trust these diagnostic tools. One advantage of our study is that we compared our diagnostic tests with MRI results. Based on our results, among the clinical tests, which included tenderness of scaphoid tubercle, anatomical snuff box tenderness, and compression test, scaphoid tubercle tenderness was the most sensitive and specific clinical test in the diagnosis of scaphoid fractures. The results of this test were not statistically different from the MRI results. However, the results of the tenderness of the anatomical snuff box was significantly different from the MRI results. In a study where 246 suspected scaphoid fracture patients were evaluated and the results were compared with a follow-up Xray, a sensitivity rate of 90% and a specificity rate of 40% was shown for tenderness of anatomical snuff box. For this study, for the scaphoid tubercle tenderness, a sensitivity of 87% and a specificity of 57% was reported (14) . Other studies have shown that the tenderness of the scaphoid tubercle alone can be seen in the trapezium and styloid process of the radius (2). The results from the compression test in our study were not statistically different from the MRI results. Esberger's study clinically evaluated 99 patients who were suspected of having a scaphoid fracture. This study showed that the compression test had a sensitivity of 70.5%, a specificity of 21.8%, and a predictive value of 41.9%; thus, the study reported this test to be an unreliable test for the diagnosis of a scaphoid fracture. It should be considered that the results of the compression test were compared with radiographic and bone scan tests (15) . All of radiographic tests that we applied in our study had 100% specificity for the diagnosis of scaphoid fractures, although the results were significantly different from the MRI results. Posteroanterior X-ray and ulnar oblique X-ray were the most sensitive radiograph tests in our study. However Low et al. revealed in their study that follow-up radiographs in patients with a suspected scaphoid fracture and normal initial radiographs, had poor sensitivity and poor negative predictive value; they concluded that follow-up radiographs were not a valid diagnostic test (16) . Some studies state that using early MRI can lead to reducing the time of cast immobilization in patients with abnormal clinical examination and normal plain radiographs (17) . Other studies reported that follow-up radiographs were still used by 94% of clinicians (18) . 4 Trauma Mon. 2016; 21(5):e23345. 
Limitation
To determine an exact sensitivity and specificity value for each test, the selection of appropriate patients was very necessary in our study. We had exact exclusion criteria that was discussed in the method part of this study. This criteria led to a reduced sample size because we could not enroll each patient suspected of having a scaphoid fracture. This low sample size was a limitation in this study.
Conclusion
In an emergency department when the diagnosis of scaphoid fracture is in doubt, a clinical examination combined with a plain radiograph should be considered to improve diagnostic precision. In this way, the department can avoid overtreatment of the patient, which can include needless immobilization, and undertreatment of the patient, which can lead to complications such as non-union. However, recent studies suggested using MRI to diagnose scaphoid fracture (12, 17, 19) . Future studies that use a larger sample size are needed to determine the value of clinical examination and plain radiographs in the diagnosis of scaphoid fracture. Furthermore, these studies must use MRI for the diagnostic reference method. Review articles through meta-analysis can be used for standardizing the method of diagnosing and managing suspected cases of scaphoid fracture.
